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See related research by Wolkewitz et al., http://ccforum.com/content/18/2/R64In the previous issue of Critical Care, Wolkewitz and
colleagues [1] analyzed data from a multi-center cohort
study of 159 ICUs and 109,202 admissions to better
understand how both patient-level and ICU-level charac-
teristics affect nosocomial infections (NIs). NIs are a
leading cause of death in the ICU despite being largely
preventable [2]. Reductions of up to 70% have been
achieved via infection control strategies for specific NIs
[3], but this has not been universal across settings. Thus,
it is important to define both high-risk patients and
high-risk settings and identify interventions that prevent
NIs, for which data analysis methods to determine risk
factors for specific events are pertinent. Wolkewitz and
colleagues [1] acknowledge the difficulty of the problem
caused by heterogeneity across ICUs and the importance
of competing risks when analyzing risk factors for NIs
and present a statistical approach to handle both of
these complexities.
Heterogeneity across intensive care units
In recent years, increasing attention has been given to
the role of ICU organization and processes of care on
patient-centered outcomes [4-9]. Some of these previous
investigations have also recognized substantial hetero-
geneity in ICU organization [4,9] that can contribute to
variations in rates of mortality of critically ill patients
across hospitals and may help explain why some inter-Abstract
A competing risk is an event (for example, death in the
ICU) that hinders the occurrence of an event of interest
(for example, nosocomial infection in the ICU) and
it is a common issue in many critical care studies.
Not accounting for a competing event may affect
how results related to a primary event of interest
are interpreted. In the previous issue of Critical Care,
Wolkewitz and colleagues extended traditional models
for competing risks to include random effects as a
means to quantify heterogeneity among ICUs. Reported
results from their analyses based on cause-specific
hazards and on sub-hazards of the cumulative incidence
function were indicative of lack of proportionality of
these hazards over time. Here, we argue that proportionality
of hazards can be problematic in competing-risk problems
and analyses must consider time by covariate interactions
as a default. Moreover, since hazards in competing risks
make it difficult to disentangle the effects of frequency
and timing of the competing events, their interpretation
can be murky. Use of mixtures of flexible and succinct
parametric time-to-event models for competing risks
permits disentanglement of the frequency and timing
at the price of requiring stronger data and a higher number
of parameters. We used data from a clinical trial on fluid
management strategies for patients with acute respiratory
distress syndrome to support our recommendations.ventions achieve improvements only in specific settings.
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and ICU-level characteristics, Wolkewitz and colleagues
thereby avoid loss of valuable information that may help
explain differences in clinical outcomes.
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Competing risks are important in the ICU because a
large proportion of patients may be discharged or die
before developing the event of interest (for example,
NIs). To account for competing risks, Wolkewitz and
colleagues [1] extended methods to compare cause-
specific hazards (CSHs) and sub-hazards (SUBHs) of the
cumulative incidence functions between study groups
[10] by incorporating random effects to quantify hete-
rogeneity. However, despite wide recognition that pro-
portionality of hazards does not occur in most situations,
their results are presented under such an assumption.
Time to move on from proportionality of hazards
Proportionality of hazards has additional hurdles in
competing risks [11]. In the case of two competing risks,
proportionality cannot hold simultaneously for all CSHs


































Figure 1 Parametric and non-parametric estimates of the cumulative
unassisted breathing or died after randomization in the fluid manage
conservative to liberal strategies of cause-specific hazards (B) and sub-haza
unassisted breathing is the competing risk. For panel (A) (Adapted with pe
Epidemiology [17], copyright 2010), parametric estimates are represented w
steps. The continuous lines give evidence to the goodness-of-fit of mixture
in both treatment groups.(two events and two types of hazards) can be propor-
tional but without restriction of which two [11]. Even in
the case in which two of the four hazards are propor-
tional, there is strong tethering between the hazard ra-
tios [11]. In particular, when the CSHs and SUBHs for a
given event type simultaneously fulfill proportionality,
the two hazard ratios must be equal and this fact holds
regardless of the number of competing risks. A conse-
quence of this result is that analyses reporting CSH and
SUBH ratios with different values divulge a lack of pro-
portionality in at least one of the hazard types, as is the
case in the analysis by Wolkewitz and colleagues [1] for
number of beds, Acute Physiology and Chronic Health
Evaluation II score, days in hospital, type of diagnosis
and trauma as presented in their Table 2. Fine and Gray
[13] anticipated that a lack of proportionality would be
common in competing-risk problems. While it is pos-
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time or heavy censoring). Thus, default analyses should
include covariate and time interactions which can be
easily calculated and depicted [14].Even time to move on from hazards altogether
Hazards as a metric of disease occurrence along with
semi-parametric methods have provided a means to un-
derstanding many diseases. However, hazards have limi-
tations [15] that become compounded in competing-risk
problems: CSHs and SUBHs are decoupled; CSHs lack
specificity as they are strongly influenced by the compe-
ting event; SUBHs are specific but they are intrinsically
tethered because their cumulative incidences must add
up to one; both CSHs and SUBHs combine frequency
and timing of events, making it difficult to identify expo-
sures that modify only the timing of an event but not
the frequency.
Approaching the analysis of competing risks as a mix-
ture of flexible and succinct parametric distributions
overcomes limitations of hazards and can provide en-
lightening insights [16,17]. To illustrate this, in Figure 1A
we show the cumulative incidences among individuals
receiving mechanical ventilation of achieving unassisted
breathing and of dying in the hospital at different days
after being randomly assigned to receive either a liberal
or conservative fluid management strategy [17]. The
core inference from this analysis was the beneficial effect
of conservative fluid management by significantly redu-
cing the days to achieve unassisted breathing but having
no effect on the overall frequency of unassisted breath-
ing and on timing of death [17]. This is a very specific
finding. In contrast, Figures 1B and 1C present the in-
appropriate and oversimplistic summary provided by the
analyses under proportional-hazards assumptions (hori-
zontal lines with dashes and dots) and the agreement of
a strong downward trend of the hazard ratios from the
mixture of parametric distributions (solid curves) and
the semi-parametric analysis permitting treatment and
time interactions (short-dashed curves). The inference
from both analyses and from the two hazard types would
be that conservative fluid management increases the
hazards of unassisted breathing in the first 2 weeks but
precludes unassisted breathing among those who
remained mechanically ventilated for longer. Although
these inferences are not incorrect, they are murky. Mix-
ture models enable the disentanglement of frequency
and timing in competing risks. However, they require
strong data and may demand large numbers of parame-
ters. The data in Wolkewitz and colleagues are ‘as strong
as they get’, and it remains of interest to explore new ap-
proaches beyond the novel inclusion of random effects
that the authors have put forward.Abbreviations
CSH: Cause-specific hazard; NI: Nosocomial infection; SUBH: Sub-hazard.
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